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Method for producing parts for passive electronic components 

and parts produced. 

The present invention relates to a method for producing parts 
for passive electronic components which are produced by being 
cut from a laminated strip constituted by a stack of thin and 
fragile metal strips, and in particular thin metal strips of 
nanocrystalline alloy. 

Nanocrystalline alloys, and in particular nanocrystalline 
alloys of the type Fe Cu Nb B Si or Fe Zr B Si, or other 
types, are well known. These alloys which have excellent 
magnetic properties are produced by thermally processing 
strips of amorphous alloy produced by means of ultra-rapid 
solidification of a liquid metal. However, these strips, 
which are particularly suitable for producing a magnetic core 
having a very high level of permeability, in particular at 
low- frequency, have the disadvantage of being extremely 
fragile. Therefore, in order to produce magnetic cores using 
these strips of nanocrystalline alloy, it has been proposed 
that strips of amorphous alloys are rolled up in order to 
form rolls, that thermal processing operations are then 
carried out on those rolls in order to confer a 
nanocrystalline structure on the alloy. Magnetic cores are 
thus produced which have excellent magnetic properties but 
which have the disadvantage of having only one possible shape, 
which is that of a roll. 

In order to produce magnetic cores of nanocrystalline alloy 
having shapes other than that of rolls, it has been proposed 
that laminated strips be produced which are constituted by a 
stack of strips of a nanocrystalline alloy which are 
adhesively-bonded together using an adhesive or a resin, that 
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these laminated strips then be cut using mechanical means, 
such as shearing or by means of laser, in order to produce 
cores having the desired shape. However, this technique has a 
disadvantage since, owing to the very fragile nature of the 
strips of nanocrystalline alloy, laser or mechanical cutting 
carries the risk of producing, at the inner side of the 
nanocrystalline strips, cracks which considerably impair the 
magnetic properties of the cores produced. 

In order to be able to handle extremely fragile 
nanocrystalline bands more readily, a method has been 
proposed, in particular in patent FR 2 788 455, for 
assembling the nanocrystalline bands with polymer bands which 
allows them to be handled more readily. These nanocrystalline 
bands which are associated with polymer bands can then be 
stacked and etched in order to produce magnetic cores which 
can be used to produce magnetic components which are embedded 
in printed circuits or to produce discrete nanocrystalline 
magnetic components. This method which uses chemical etching 
has the advantage of being well mastered. However, this 
production technique is slow and complex, because, owing to 
the presence of the strips of polymer materials, on which 
nanocrystalline strips are adhesively-bonded, it is necessary 
to etch each strip before stacking the different strips in 
order to produce a component having the desired dimensions. 

The object of the present invention is to overcome these 
disadvantages by providing a means for producing parts for 
passive electronic components, in particular magnetic 
electronic components, which are constituted by a stack of 
thin and fragile metal strips, and in particular strips of 
nanocrystalline alloy, and which have very diverse shapes. 



To this end, the invention relates to a method for producing 
parts for passive electronic components, according to which a 
laminated strip is produced which is constituted by at least 
one stack of a thin and fragile metal strip and a layer of an 
adhesive material, and at least one part is cut from the 
laminated strip using a method which comprises at least one 
step involving etching by means of sandblasting. In this 
method, which is very suitable for fragile and brittle 
materials, the disadvantages of the nanocrystalline materials, 
that is to say, their fragility and the resultant problems in 
terms of handling, become an advantage. 

Preferably, the layer of an adhesive material of the at least 
one stack is a layer of a fragile and hard adhesive material . 

In order to carry out at least one step involving etching by 
means of sandblasting, there is arranged, on a face of the 
laminated strip, a cover composed of a material which is 
resistant to sandblasting, comprising openings which have at 
least one shape according to which it is desirable to etch 
the at least one laminated strip. 

The cover is, for example, a steel strip which is resistant 
to etching by means of sandblasting, or a resilient layer, 
such as a layer of paint deposited by means of serigraphy, or 
a layer of resilient photosensitive resin which is exposed to 
radiation and, for example, ultraviolet radiation or electron 
beams through a mask which comprises appropriate cut-outs, 
and which is developed by means of immersion in a bath. 

The laminated strip may be constituted by at least two 
alternate stacks of thin metal strips and layers of a fragile 
and hard adhesive material, the at least two alternate stacks 
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being superimposed and separated by means of an adhesive 
layer, at least a portion of the surface of which is 
constituted by a resilient material which is resistant to 
etching by means of sandblasting. 

In order to carry out etching by means of sandblasting, the 
laminated strip is preferably adhesively-bonded to a support 
strip. After sandblasting, the cut laminated strip and the 
support strip can be separated. 

In order to carry out the etching by means of sandblasting, 
the laminated strip can be placed so as to be arranged on the 
support strip in a sandblasting etching chamber comprising at 
least one sandblasting nozzle which projects a jet of 
abrasive particles and a relative movement of the laminated 
strip and the at least one sandblasting nozzle is carried out 
in order to pass over the surface of the laminated strip with 
the jet of abrasive particles. 

Using this method, it is possible to etch on the laminated 
strip a plurality of parts for electronic components which 
are connected to each other by means of attachment points, 
which are separated. 

The fragile and hard material is, for example, an epoxy 
adhesive . 

The thin metal strips are preferably constituted by a 
material selected from the following alloys: 

nanocrystalline magnetic alloys, fragile magnetic alloys of 
iron-cobalt, iron-platinum, iron-silicon, iron-nickel, 
fragile nickel -chromium alloys, fragile molybdenum alloys and 
fragile tungsten alloys. 



The support strip may be a strip comprising a layer of 
polymer and a layer of conductive material such as copper 
which may further comprise, before cutting by means of 
sandblasting, at least one electronic component which is 
protected during the sandblasting cutting operation by means 
of a layer of resilient material. 

The invention also relates to a part which can be produced 
using the method according to the invention and which is, for 
example, a core of a passive inductive electronic component 
which may comprise an air gap and which may also comprise at 
least two parts having different thicknesses. 

The part may also constitute an electrical resistor or a 
capacitor . 

The invention also relates to a plate which is intended to be 
incorporated in a printed circuit and which is constituted by 
a layer of conductive material and a layer of resilient 
polymer material, to which there is adhesively-bonded an 
electronic component part which can be produced using the 
method according to the invention. 

The invention further relates to a method for producing a 
passive inductive electronic component of the type comprising 
a part which is cut from a laminated strip constituted by a 
stack of thin metal strips of a magnetic alloy, in which the 
part is produced using the method according to the invention 
and at least one winding and coating of the component with a 
protective material are carried out. 
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When the passive electronic component is capacitive or 
resistive, the component comprises a part which is cut from a 
laminated strip constituted by a stack of thin metal strips 
and means for electrical connection. In this case, the 
connection means are further produced and the component is 
further coated with a protective material. 

Finally, the invention relates to a method for producing a 
printed circuit comprising at least one passive electronic 
component which comprises at least one part which is 
constituted by a laminated metal material, according to which 
method there is stacked and adhesively-bonded at least one 
plate which is constituted by a layer of conductive material 
and a layer of resilient polymer material, to which is 
adhesively-bonded a part which is produced by cutting by 
means of sandblasting, and at least one plate comprising a 
layer of polymer material . 

The method of cutting by sandblasting a laminated strip which 
is constituted by an alternate stack of strips of very 
fragile magnetic metal material and layers of polymer, has 
the advantage of allowing magnetic parts to be produced 
having very different shapes which have no cracks and 
therefore having very good magnetic properties. 

This method also allows thin parts to be produced which it is 
not possible to produce using known techniques. In particular, 
it allows toruses to be produced which have a very large 
ratio of diameter to thickness. These are in particular 
toruses having a thickness of less than 1 mm and, for example, 
toruses having a thickness in the region of 1 mm and a 
diameter greater than 10 mm, or toruses having a thickness of 
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between 2 0 /zm and 2 00 /xm and a diameter which can be from 1 
mm to a few millimetres. 

The invention will now be described in a more precise but 
non-limiting manner with reference to the appended drawings, 
in which: 

- Figure 1A schematically illustrates a stack of 
nanocrystalline strips which are adhesively-bonded using a 
hard and fragile adhesive and which are arranged on a support 
strip, on which stack a mask is arranged, 

- Figure IB illustrates the preceding stack after a 
sandblasting operation, 

- Figure 2A illustrates a laminated strip according to Figure 
2A which is constituted by stacked and adhesively-bonded 
nanocrystalline strips, and in which a layer of adhesive is 
constituted by a resilient adhesive, 

- Figure 2B illustrates a laminated strip according to Figure 
2A which is constituted by stacked and adhesively-bonded 
nanocrystalline strips, a layer of adhesive of which is 
constituted by a resilient adhesive, after sandblasting, 

- Figure 3A illustrates a laminated strip according to Figure 
2A which is constituted by nanocrystalline strips which are 
stacked and adhesively-bonded together, a layer of adhesive 
of which is partially constituted by a resilient adhesive. 
The laminated strip is placed on a support and a cover is 
arranged on the strip, 

- Figure 3B illustrates the strip of the preceding Figure 
after sandblasting, 

- Figure 4 illustrates an assembly which is constituted by a 
support strip, a laminated strip constituted by adhesively- 
bonded nanocrystalline strips and a cover, 

- Figure 5 illustrates the part produced after a sandblasting 
operation, 
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- Figure 6 is a schematic illustration of the method for 
producing a part for a magnetic component which is cut out by 
means of sandblasting from a laminated strip comprising 
nanocrystalline strips , 

- Figures 7A and 7B schematically illustrate the production 
of a printed circuit comprising a magnetic core which is 
produced by being cut from a nanocrystalline material. 

The general principle of the invention consists in producing 
parts for passive electronic components and in particular 
magnetic passive electronic components, such as inductors or 
magnetic cores, which are produced by cutting by means of 
sandblasting laminated strips which are constituted by an 
alternate stack of fragile metal strips and layers of a hard 
and fragile adhesive material. The fragile metal material has 
magnetic properties which are suitable for producing magnetic 
electronic components. This material is in particular a 
nanocrystalline magnetic material of the type Fe-Cu-Nb-B-Si 
or Fe-Zr-B-Si, for example. Materials of this type are 
described, for example, in European Patent 0 271 657 or in 
European Patent 0 299 498. This nanocrystalline material 
which is known per se is produced by thermally processing an 
amorphous strip produced by means of ultra- rapid 
solidification of a liquid metal alloy. A thin strip of this 
type has a thickness of between a few micrometres and a few 
tens of micrometres, in particular between 5 and 50 
micrometres, and generally in the order of 2 0 micrometres. 
The hard and fragile adhesive material is a polymer material 
and, for example, an adhesive which is either naturally hard 
and fragile or which is rendered hard and fragile by means of 
an appropriate thermal processing operation. These materials, 
which are generally referred to as thermosetting materials, 
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are in particular unsaturated polyesters, epoxides, phenolics, 
and polyimides. 

In one embodiment of the laminated strip, illustrated in 
Figure 1A, the laminated strip generally designated 1 is 
homogeneous. It is constituted by identical thin metal strips 
2 and by intermediate layers of hard and fragile adhesive 
material 3 . In Figure 1A, the laminated strip 1 is 
adhesively-bonded to a support strip 5, and a cover 4 is 
arranged on the upper face thereof . 

In a second embodiment illustrated in Figure 2A, the 
laminated strip generally designated 10 is constituted by a 
first homogeneous laminated layer 11 which is constituted by 
a stack of identical thin metal strips 21 which are separated 
by layers 31 of hard and fragile adhesive material and a 
second laminated layer 12 which is constituted by a stack of 
thin metal strips 22 which are separated by layers 32 of 
fragile and hard adhesive material. The two laminated layers 
are separated by an intermediate layer 33 of a resilient 
adhesive material. In this embodiment, the resilient 
intermediate layer 3 3 extends over the entire surface 2 of 
the laminated strip. The laminated strip produced in this 
manner is heterogeneous. As in the preceding case, the Figure 
illustrates a cover 40 and a support strip 50. 

In a third embodiment illustrated in Figure 3A, the 
heterogeneous laminated strip, generally designated 100, is 
constituted in the same manner as in the case above by a 
first laminated layer 110 constituted by a stack of thin 
metal strips 210 which are separated by layers 310 of hard 
and fragile adhesive material and a second laminated layer 
120, which is constituted by a stack of thin metal strips 220 
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which are separated by layers 320 of hard and fragile 
adhesive material, the two laminated layers 110 and 120 being 
separated by an intermediate layer 330, of which one portion 
331 is constituted by a hard and fragile material and another 
portion 332 is constituted by a resilient adhesive material. 
The Figure also illustrates a support strip 500 and a cover 
400 . 

Other embodiments of heterogeneous laminated strips may be 
envisaged in which a plurality of laminated layers 
constituted by thin metal strips which are rendered adhesive 
by layers of hard and fragile material, are separated by 
intermediate layers which are partially or totally 
constituted by a resilient material. When the intermediate 
layers are constituted only partially by resilient material, 
the portions which are not constituted by resilient material 
are constituted by a hard and fragile adhesive material. 

The homogeneous or heterogeneous laminated strip may be 
produced by any suitable method and in particular using the 
methods described in French patent application FR 2 788 455. 

By way of example, and in order to produce a homogeneous 
laminated strip, it is possible to proceed in the following 
manner: whilst simultaneously unwinding, on the one hand, a 
roll of a strip of resistant and flexible adhesive polymer 
material, and a roll of a strip of fragile and thin metal 
material of a nanocrystalline material, the strip of thin 
metal material is adhesively -bonded to the strip of polymer 
material which is adhesive, flexible and resistant. A 
plurality of strips of this type are then produced 
constituted in this manner by a layer of flexible and 
resistant polymer material and an adhesive layer of thin 
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metal material. A plurality of these laminated strips are 
then stacked in order to constitute a composite laminated 
strip comprising thin metal strips which are separated by- 
layers of flexible and resilient adhesive polymer material. 
The laminated strip constituted in this manner is then 
subjected to a thermal processing operation which is intended 
to render the layers of adhesive polymer material hard and 
fragile . 

It is also possible to proceed in the following manner: a 
first laminated strip is produced by adhesively-bonding a 
thin metal strip to a strip of flexible and resistant 
adhesive polymer material. The thin metal surface is then 
coated with a layer of an adhesive which will become hard and 
fragile after drying, such as, for example, an epoxy adhesive. 
A thin metal strip is then arranged on this layer of adhesive 
and is adhesively-bonded. The metal surface is then coated 
with a layer of adhesive which will become hard and fragile 
after drying, and a new thin metal strip is arranged on this 
layer of adhesive and is adhesively-bonded. The process is 
continued until a laminated strip is obtained with the 
desired thickness. 

If a heterogeneous composite laminated strip is desired, a 
laminated strip of the desired thickness is first produced 
using one or other of the methods described above, then a 
strip having the desired features is adhesively -bonded to the 
surface of this laminated strip, for example, by means of 
serigraphy, that is to say, either a strip which is entirely 
resilient or a composite strip which is constituted by a 
resilient portion and a portion which is capable of becoming 
hard and fragile. A second laminated strip which has been 
produced using one or other of the methods described above is 
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then arranged on this intermediate layer. If necessary, the 
operation is repeated as many times as desired. 

The laminated strips which have been described above comprise 
a stack of a plurality of thin metal strips. However, the 
method is also suitable for laminated strips which comprise 
only one thin metal layer which is adhesively-bonded to a 
polymer layer . 

Before carrying out the cutting by means of sandblasting, 
there is arranged, on the face of the laminated strip 
intended to receive jets of sand, a cover 4, 40, 400, or mask 
composed of a material which is resistant to sandblasting and 
which comprises openings 7, 70, 700 having the shapes 
according to which it is desirable to cut the laminated strip 

The cover can be produced in a number of manners . 

In a first embodiment, the cover is a metal strip which is 
sufficiently thick, for example, of steel resistant to 
sandblasting, and which comprises cut-outs having the shapes 
according to which it is desirable to cut the laminated strip 

In another embodiment, the cover may be constituted by a 
strip of a resilient polymer material which also comprises 
suitable cut-outs. The material must be resilient in order to 
be able to resist sandblasting. 

In a third embodiment, the cover is produced by depositing on 
the surface of the laminated strip a layer of resilient paint 
which is resistant to sandblasting, in accordance with 
patterns which correspond to the patterns according to which 
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it is desirable to cut the laminated strip. This layer of 
paint is deposited, for example, by means of serigraphy. 

It is also possible to deposit on the laminated strip a layer 
of photosensitive resin which is exposed to radiation, such 
as ultraviolet radiation or an electron beam through a mask 
which has the desired shape and which is developed in a bath 
which dissolves the non- irradiated portions. 

When the cover is a cover of the "contact cover" type, that 
is to say, which is constituted by a plate which comprises 
openings, it is not possible to produce parts which are 
separate from each other just after sandblasting. However, 
when the cover is constituted, for example, by a layer of 
photosensitive resin, it is possible to produce components 
which are separate from each other and in particular small 
toruses which are arranged at the inner side of the toruses 
having a larger diameter. 

These embodiments of covers are embodiments which are known 
per se to a person skilled in the art. 

In order to be able to be handled more readily, the laminated 
strip 1, 10 or 100 can be arranged on a support strip 5, 50 
or 500 or on a support plate which is constituted by a 
material having good mechanical strength and which is 
resistant to sandblasting. The laminated strip may be 
adhesively-bonded to this support strip using either a 
soluble adhesive or a resistant adhesive. The support strip 
can, according to the envisaged applications, be constituted 
by a resistant metal material, such as a steel, a resilient 
polymer material, or by a polymer material which comprises, 
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at the inner face thereof, an electrically conductive metal 
layer, such as a layer of copper. 

As illustrated in Figure 6, in order to carry out the etching 
by means of sandblasting, the assembly constituted by the 
laminated strip 1, the cover 4, and optionally the support 
strip 5, is moved into a sandblasting chamber 80 below 
sandblasting nozzles 81 which project, at the upper surface, 
that is to say, the surface which comprises the cover, jets 
82 of abrasive particles or abrasive sand. These abrasive 
particles are, for example, particles of aluminium or silicon. 
In the region of the openings 7 of the cover, the abrasive 
sand abrades the laminated strip until it reaches a layer 
which is resistant to abrasion. This abrasion of the 
laminated strip provides the etching and the cutting of the 
parts 6 . This method described for a laminated strip 
according to Figure 11 applies in the same manner to strips 
which correspond to the other embodiments of a laminated 
strip . 

The sandblasting chamber may comprise a plurality of nozzles 
which provide a projection of abrasive particles over a 
plurality of zones. However, the zones do not necessarily 
cover the entire surface to be sandblasted. Therefore, to 
ensure that the whole of the surface to be sandblasted is 
sandblasted, it is possible to carry out an operation for 
passing over this surface by means of relative movements of 
the sandblasting nozzles and the strip to be sandblasted. 
These relative movements can be carried out, for example, by 
means of an alternating movement of the nozzles in a 
direction perpendicular relative to the axis of the strip to 
be sandblasted and by means of a movement of the strip to be 
sandblasted in a direction parallel with the axis thereof. 
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When the support is a support plate, it can be arranged on a 
plate which is displaced with two movements in accordance 
with mutually perpendicular directions and which is parallel 
with the surface of the plate. 

When the laminated strip 1 is a homogeneous laminated strip 
as illustrated in Figure 1A, the jet of sand which passes 
through the openings 7 which are left free by the mask 4 
abrades the strip over the entire thickness thereof until the 
support strip 5 is reached. A plurality of separate parts 6 
and 6' are thus produced which are illustrated in Figure IB 
and whose thickness is constant and equal to the thickness of 
the laminated strip. 

When the laminated strip is a composite laminated strip 10, 
as illustrated in Figure 2A, comprising a continuous 
intermediate layer 33, the jets of sand penetrate via the 
spaces 70 left free by the mask 40 and abrade the upper 
laminated layer 11 of the laminated strip as far as the 
intermediate layer 33 of resilient material. A strip is thus 
produced which is illustrated in Figure 2B and which is 
constituted by a first laminated layer 60 on which there are 
arranged laminated elements 61 which are separated by empty 
spaces. A laminated strip is thus produced whose thickness is 
not constant. This laminated strip may be, for example, a 
strip on which parallel strips have been etched which may 
constitute a diffraction network for electromagnetic waves. 

When the laminated strip is a composite laminated strip 100, 
as illustrated in Figure 3A, whose intermediate layer 330 is 
a partially resilient and partially fragile intermediate 
layer, the zones 700 which are left free by the mask in the 
region of the resilient intermediate layer 332 are etched 
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only as far as the resilient intermediate layer 332 whilst, 
in the zones 710 left free by the mask in the region of the 
zones of the intermediate layer 331 which are hard and 
fragile, the etching is carried out as far as the support 
layer 500. Magnetic parts 600 are therefore produced which 
are illustrated in Figure 3B and which may have portions 610, 
620 of different thicknesses. 

One example of carrying out the method for producing 
laminated nanocrystalline toruses is illustrated in Figure 4 
and Figure 5. A laminated strip 13 constituted by a stack of 
adhesively -bonded nanocrystalline laminated strips is 
arranged on a support strip 15 and is adhesively-bonded to 
this strip using a soluble adhesive. There is arranged, on 
the upper face of the laminated strip 13, a cover 14 which 
comprises cut-outs 17 which delimit toruses 18A, 18B, 18C and 
18D of various sizes, and these toruses 18A, 18B, 18C and 18D 
are connected by means of attachment points 19A, 19B, 19C and 
19D to the remaining portions of the cover 14. This stack is 
sandblasted in order to be etched. During the sandblasting 
operation, the portions of the strip 13 which are in the 
region of the openings 17 are abraded completely until the 
sand reaches the support layer 15. After sandblasting, the 
cover 14 is removed. A cut laminated strip is thus produced 
which adheres to the support strip 15. The cut-outs of the 
laminated strip delimit parts 16A, 16B, 16C and 16D which are 
toruses in the form of washers and which remain attached to a 
peripheral portion of the laminated strip by means of 
attachment points. The cut laminated strip 13 is then cleaned, 
optionally coated with a protective polymer and separated 
from the support strip 5. A cut laminated strip 13' is thus 
produced, as illustrated in Figure 5. The parts 16A, 16B, 16C 
and 16D of the cut laminated strip are then separated from 



the strip 13', optionally by means of sandblasting, and a 
plurality of toruses are thus produced which constitute parts 
for discrete magnetic electronic components. The toruses 
produced in this manner may have very different dimensions 
which can be from a few millimetres in diameter, even one 
millimetre in diameter, to several millimetres in diameter, 
with thicknesses which are from several tens of micrometres 
to a few hundreds of micrometres, or more, in accordance with 
the number of layers of nanocrystalline strips which have 
been stacked in order to produce the laminated strip. These 
toruses produced in this manner can be coated and then rolled 
in order to produce passive magnetic electronic components, 
such as inductors, transformers, rotors or stators for 
micromotors, or any other component of the magnetic type. 
Furthermore, the method allows toruses to be produced which 
have an air gap. To this end, it is sufficient to provide a 
radial cut which is sufficiently fine, for example, in the 
order of 1/10 mm wide or less. 

As has been indicated above, when the laminated strip is a 
heterogeneous laminated strip comprising an intermediate 
layer of a material which is completely or partially 
resilient, magnetic parts are produced which have thick zones 
and thin zones. These parts may have different shapes which 
correspond to specific applications which are known to the 
person skilled in the art. As in the case above, after the 
sandblasting operation, the pre-cut laminated strip is 
cleaned, then the various elemental parts are separated and 
they are treated so that they can subsequently be used as 
parts which are incorporated in electronic components. These 
components are, for example, inductors, transformers, filters, 
antennae, rotors or stators of micromotors for watches. 
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The method as described above allows discrete electronic 
components to be produced. However, it also allows electronic 
components to be produced which are incorporated in printed 
circuits . 

In order to produce magnetic electronic components which are 
incorporated in printed circuits, it is possible to proceed 
in various manners. It is in particular possible to arrange 
the laminated strip constituted by stacked nanocrystalline 
strips on a support plate which is constituted, on the one 
hand, by a layer 1 of polymer material which is capable of 
becoming one of the layers of a printed circuit, this polymer 
layer being coated on the lower face thereof with a layer of 
copper which can be etched by means of chemical etching in 
order to form conductive elements as done in a manner known 
per se in the production of printed circuits. The laminated 
strip is adhesively-bonded to the support plate by means of a 
resilient protective adhesive so that the sandblasting 
operation which cuts the part from the laminated strip does 
not cut the polymer support plate. After the laminated strip 
has been cut, in order to form a part for a passive inductive 
electronic component, the assembly is cleaned but the part 
produced is not detached from the support plate. On the 
contrary, this part is left on the support plate. As 
illustrated in Figure 7A, a plate 51 is produced to which an 
inductive electronic component part 54 in the form of a torus 
is adhesively-bonded. The plate 51 comprises a layer 52 of 
polymer material to which the electronic component part 54 is 
adhesively-bonded, and a lower layer 53 of copper. Using an 
adhesive which is sufficiently fluid to fill all the cavities 
without leaving bubbles, a second plate 55 constituted by a 
layer 56 of polymer material and an upper layer 57 of a 
conductive material, such as copper, is adhesively-bonded to 
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the upper face of the plate provided with the part 54 thereof. 
The layers 53 and 57 of copper are then etched by means of 
chemical etching in order to form conductors 58 which are 
arranged radially relative to the torus 54 which is contained 
between the two outer layers 51 and 55 of the printed circuit 
illustrated in Figure 7B. The conductors 58 of the upper face 
and the lower face are connected by conductive passages 5 9 
which are constituted by holes whose walls are covered with a 
conductive material so as to form windings. A printed circuit 
is thus obtained comprising an integrated transformer or 
inductor. The technique for producing conductors is a 
technique known per se in the production of printed circuits. 
It should be noted that the etching of the conductors in the 
layers of copper may be carried out, not after assembly of 
the plates which constitute the printed circuit, but before 
this operation. The order in which these operations are 
carried out is simply a matter of ease of production. 

In a specific embodiment, and in order to prevent excessive 
thicknesses between the upper layer and the lower layer of 
the printed circuit, it is possible to proceed by depositing 
on the lower layer of the printed circuit a single 
nanocrystalline layer, then producing a plurality of 
intermediate layers constituted by a polymer which is 
compatible with the production of printed circuits on which a 
nanocrystalline layer which is etched by means of 
sandblasting is arranged, and a plurality of intermediate 
layers are stacked so that the toruses of the intermediate 
layers are located facing each other. The whole is then 
covered with a layer of polymer material which comprises a 
layer of copper, and the connections are produced by means of 
chemical etching and the holes whose walls are coated with 
conductive material are drilled. It is also possible to drill 
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the holes first and cover the walls thereof with a conductive 
material, then to etch the connections. 

It is also possible to proceed by producing on a support 
plate a magnetic circuit, such as a torus, having a 
relatively large thickness of a few tenths of a millimetre, 
or one millimetre or more, then arranging on this first 
support plate layers of polymer material in which a recess 
will be provided which is in the form or a torus and which 
will fit around the torus, filling the interstices around the 
torus with a resin which is sufficiently fluid not to leave 
bubbles, then covering the whole with a surface layer of 
polymer material which is coated with a copper layer on which 
it is possible to etch connections. 

In this production method, the support layer on which the 
laminated strip has been deposited which is intended to be 
cut may comprise beforehand electronic circuits which must be 
protected during the sandblasting operation. To this end, 
prior to the sandblasting, a protective layer of a resilient 
material which is resistant to sandblasting is arranged on 
the support layer. 

Using this method, it is possible to produce printed circuits 
which comprise magnetic circuits which are incorporated in 
the thickness of the printed circuit. This technique may also 
be applied to the production of electronic cards, for example, 
chip cards, in which it is possible to incorporate an 
inductive magnetic circuit, such as a self - inducting roll or 
a transformer. It is also possible to incorporate magnetic 
circuits which can be used as an antenna or any other type of 
magnetic circuit known to a person skilled in the art. 



It should be noted that the support plates of polymer 
material can be composite plates which are constituted by a 
woven material which is impregnated with resin generally used 
in the production of printed circuits. 

The invention as described above is also applicable to the 
production of passive electronic components which are 
constituted by materials other than nanocrystalline materials, 
provided that these materials are metal materials which are 
in the form of thin, hard and fragile strips, that is to say, 
which are capable of being etched by means of sandblasting. 
These materials are, for example, materials such as some 
iron-cobalt, iron-platinum, iron-silicon, iron-nickel alloys, 
some alloys of the nickel -chromium type, or some alloys of 
molybdenum or some alloys of tungsten. These alloys are known 
to the person skilled in the art. 

The passive electronic components which are produced using 
this method may also be electronic components of the 
capacitive or resistive type. In order to produce components 
of this type, it is sufficient to add connections to the 
metal faces of the components produced. By way of example, in 
order to produce a capacitive component, it is sufficient to 
produce a connection on a metal layer and a connection on 
another metal layer, the two metal layers being separated by 
at least one insulating layer which has suitable dielectric 
properties. In order to produce a resistive component, it is 
sufficient to create two electrical connections on the same 
metal layer. 

In the method as described above, only a single sandblasting 
operation has been envisaged; however, in order to produce 
specific geometries, or for reasons of productivity, it may 



be advantageous to carry out the cutting operation by means 
of a plurality of successive sandblasting operations which 
are carried out using different masks. A production method 
which comprises a plurality of successive sandblasting 
operations also forms part of the invention. 

Finally, the method may apply to the cutting of parts from 
laminated strips comprising a single thin and fragile metal 
strip or a thin and fragile metal strip which is adhesively- 
bonded to a resilient polymer strip which is resistant to 
sandblasting and which can be adhesively-bonded to a 
laminated strip comprising one or more thin and fragile metal 
strips and optionally one or more layers of a hard and 
fragile adhesive material. 



